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Magnetic fields radically change the properties of ICM plasmas 

1. Effect on thermal conductivity
2. Transfer from collisionless to effectively collisional state
3. Coupling plasmas with cosmic rays

For instance:

Questions to address:

1. How can one study magnetic fields?
2. What are the quantitative effects?



Magnetic field

Effect on  thermal electrons Faraday rotation

Polarization of radiationAlignment of ions

Anisotropy of MHD turbulence

Effect of Relativistic electrons Synchrotron polarization

Clusters’ magnetic fields: how do we measure if we don’t see

Gradients

This talk

Yan & AL 2006

Promising way, but not yet available

Useful, but difficult to measure polarization



Gradient Technique (GT):  foundations and incarnations

Turbulent reconnection
AL & Vishanic 1999Theory of statistics of 

fluctuations in Position-
Position-Velocity (PPV) space

AL & Pogosyan 2000
Kandel, AL & Pogosyan 2017

Theory of statistics of 
synchrotron polarization 
fluctuations in Position-
Position-Frequency (PPF) space

AL & Pogosyan 2016

Velocity Centroid 
Gradients (VCGs)
GS & AL 2017, 
Yuen & AL 2017

Velocity Channel 
Gradients (VChGs) 
AL & Yuen 2017

Theory of synchrotron 
intensity fluctuations    
AL & Pogosyan 2012 

Synchrotron 
Intensity Gradients 

(SIGs)
AL & Yuen 2017 

Synchrotron Polarization 
Gradients (SPGs, i.e
gradients of       and (SPDGs,
i.e. gradients of          )

AL & Yuen 2018 

P
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Full theory of gradients is in AL, Yuen & Pogosyan 2022



AL & Vishniac (1999)

Turbulent magnetic fields reconnect fast

E. Vishniac

LV99 prediction:



Turbulence is inevitable in 3D reconnection: development of 
turbulence through Kelvin-Helmholz instability

Kowal et al. 2017, 2020

2048 x 8192 x 2048



Example: flares of reconnection happen in low beta plasmas

outflowoutflow

Kowal et al. 2022



Magnetic flux freezing is violated in turbulence due 
to turbulent reconnection

Eyink et al 2013

Nature 497, 466
G. Eyink

Alfven theorem: 
magnetic field line can 
only be deformed

Reality: any given 
magnetic field line has 
billions of parents

Time evolution of magnetic 
field line



AL 2005

Consequence: reconnection diffusion

H. Alfven

Flux conservation (Alfven theorem 1942) is violated in any 
turbulent medium

Reconnection diffusion induces 
heat transfer 



Turbulent reconnection happens within an eddy turnover time, it favors
eddies aligned with B-field: Gradients are perpendicular to local B-field

Turbulent reconnection 
(AL & Vishniac 1999)

Types of Gradients:
1. Velocity gradients
2. Synchrotron intensity gradients
3. Synchrotron polarization gradients
4. Faraday rotation gradients

5. Density gradients

For subsonic turbulence, density 
acts as a passive scalar reflecting 
velocity statistics. 



Fact Two: Turbulent gradients are dominated by the smallest resolved scales

vl/l? ⇠ l1/3? /l? = l�2/3
?

vl ⇠ l1/3?

Gradient     to B?

For velocity

Large scale shear does not affect gradients, gradients are dominated by motions at the smallest resolved turbulence scales

If we measure below the turbulence injection scale

For Alfvenic motions, B and V are interchangeable, thus synchrotron intensity gradients trace B. 
For subsonic turbulence, density statistics mimics velocity statistics, thus intensity gradients trace B.



Magnetic field lines traced 
by synchrotron polarization 

Synchrotron Intensity 

Can we directly get magnetic field orientation from synchrotron intensity 

Planck collaboration 



Visualization of synchrotron intensities in MHD simulations

Synchrotron intensity 

B

Gradients

AL et al. 2017



Blue– B from Planck Synchrotron Polarization
Red – Synchrotron Intensity Gradients 

AL, Yuen, Lee & Cho 2017

The maximum synchrotron intensity gradient (rotated by 90°) aligned with magnetic field  



Blue– B from Planck Synchrotron Polarization
Red – Synchrotron Intensity Gradients 

AL, Yuen, Lee & Cho 2017

No need to corre
ct fo

r Faraday Rotatio
n!

The maximum synchrotron intensity gradient (rotated by 90°) aligned with magnetic field  



Hu et al. 2022

Good correspondence with the existing polarization

Yue Hu



Hu et al. 2020

Density for low sonic Mach numbers reflects the velocity pattern. X-ray and 
synchrotron intensity gradients reveal magnetic field directions in galaxy clusters

X-rays Synchrotron 
intensities



The magnetic field structure of other clusters was obtained using X-ray and 
synchrotron emission images

Hu et al. 2020 

And many more in a new paper by Hu et al. 2022 using synchrotron emission



Faraday depolarization effect provides the boundary up to which the polarized 
synchrotron is sampled: Allows to study 3D distribution

Unlike polarization directions the directions of the gradients of |P| are not affected by Faraday rotation. This provides a 
unique way to may the perpendicular to line of sight B-filed in 3D. 

The next step will be the tomography of magnetic field using gradients

Suggested in AL & Yuen 2018. Tested successfully  in Ho et al. 2020



Properties of the magnetic field that must be accounted for: effects of 
heat conduction and cosmic ray physics



Diffusion of electrons along magnetic field induces thermal 
conductivity

s

y1

y2

Simplified illustration:

h|y1(s)� y2(s)|2i ⇠ s3
For y<injection scale

MA
4

MA=Vinjection/VAlfven Is Alfven Mach number

MA=0.3 MA=0.7 MA=1.5

AL & Vishniac 1999



Superdiffusion is confirmed by tracing magnetic field line 
separation

L

Beresnyak 2013

15363

AL & Vishniac
1999 prediction

h(�r)2i ⇠ x3
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Xu & Yan 13

… as well as with tracing particles following magnetic field 

h|y1(s)� y2(s)|2i ⇠ s3M4
A

<latexit sha1_base64="2zoImtrzxasRT8pp17t6q87zf1I=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhloEpKJRgLLCxIRaIPqUkjx3Vaq44T2Q5SlPY3WPgVFgYQYoSJv8F9DNBypKt7dM69su/xY0alsqxvY2l5ZXVtPbeR39za3tk19/YbMkoEJnUcsUi0fCQJo5zUFVWMtGJBUOgz0vQH12O/+UCEpBG/V2lM3BD1OA0oRkpLnmk5DPEeI3CYenZRnsDT1CvrPuyUHTF1HElDKDtn8Na77FQ8s2CVrAngIrFnpABmqHnmp9ONcBISrjBDUrZtK1ZuhoSimJFR3kkkiREeoB5pa8pRSKSbTS4bwWOtdGEQCV1cwYn6eyNDoZRp6OvJEKm+nPfG4n9eO1HBhZtRHieKcDx9KEgYVBEcxwS7VBCsWKoJwoLqv0LcRwJhpcPM6xDs+ZMXSaNcsq2SfVcpVK9mceTAITgCRWCDc1AFN6AG6gCDR/AMXsGb8WS8GO/Gx3R0yZjtHIA/ML5+ANEGnkc=</latexit><latexit sha1_base64="2zoImtrzxasRT8pp17t6q87zf1I=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhloEpKJRgLLCxIRaIPqUkjx3Vaq44T2Q5SlPY3WPgVFgYQYoSJv8F9DNBypKt7dM69su/xY0alsqxvY2l5ZXVtPbeR39za3tk19/YbMkoEJnUcsUi0fCQJo5zUFVWMtGJBUOgz0vQH12O/+UCEpBG/V2lM3BD1OA0oRkpLnmk5DPEeI3CYenZRnsDT1CvrPuyUHTF1HElDKDtn8Na77FQ8s2CVrAngIrFnpABmqHnmp9ONcBISrjBDUrZtK1ZuhoSimJFR3kkkiREeoB5pa8pRSKSbTS4bwWOtdGEQCV1cwYn6eyNDoZRp6OvJEKm+nPfG4n9eO1HBhZtRHieKcDx9KEgYVBEcxwS7VBCsWKoJwoLqv0LcRwJhpcPM6xDs+ZMXSaNcsq2SfVcpVK9mceTAITgCRWCDc1AFN6AG6gCDR/AMXsGb8WS8GO/Gx3R0yZjtHIA/ML5+ANEGnkc=</latexit><latexit sha1_base64="2zoImtrzxasRT8pp17t6q87zf1I=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhloEpKJRgLLCxIRaIPqUkjx3Vaq44T2Q5SlPY3WPgVFgYQYoSJv8F9DNBypKt7dM69su/xY0alsqxvY2l5ZXVtPbeR39za3tk19/YbMkoEJnUcsUi0fCQJo5zUFVWMtGJBUOgz0vQH12O/+UCEpBG/V2lM3BD1OA0oRkpLnmk5DPEeI3CYenZRnsDT1CvrPuyUHTF1HElDKDtn8Na77FQ8s2CVrAngIrFnpABmqHnmp9ONcBISrjBDUrZtK1ZuhoSimJFR3kkkiREeoB5pa8pRSKSbTS4bwWOtdGEQCV1cwYn6eyNDoZRp6OvJEKm+nPfG4n9eO1HBhZtRHieKcDx9KEgYVBEcxwS7VBCsWKoJwoLqv0LcRwJhpcPM6xDs+ZMXSaNcsq2SfVcpVK9mceTAITgCRWCDc1AFN6AG6gCDR/AMXsGb8WS8GO/Gx3R0yZjtHIA/ML5+ANEGnkc=</latexit><latexit sha1_base64="2zoImtrzxasRT8pp17t6q87zf1I=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhloEpKJRgLLCxIRaIPqUkjx3Vaq44T2Q5SlPY3WPgVFgYQYoSJv8F9DNBypKt7dM69su/xY0alsqxvY2l5ZXVtPbeR39za3tk19/YbMkoEJnUcsUi0fCQJo5zUFVWMtGJBUOgz0vQH12O/+UCEpBG/V2lM3BD1OA0oRkpLnmk5DPEeI3CYenZRnsDT1CvrPuyUHTF1HElDKDtn8Na77FQ8s2CVrAngIrFnpABmqHnmp9ONcBISrjBDUrZtK1ZuhoSimJFR3kkkiREeoB5pa8pRSKSbTS4bwWOtdGEQCV1cwYn6eyNDoZRp6OvJEKm+nPfG4n9eO1HBhZtRHieKcDx9KEgYVBEcxwS7VBCsWKoJwoLqv0LcRwJhpcPM6xDs+ZMXSaNcsq2SfVcpVK9mceTAITgCRWCDc1AFN6AG6gCDR/AMXsGb8WS8GO/Gx3R0yZjtHIA/ML5+ANEGnkc=</latexit>

~ MA
3.9

log
h|�y|2i
|�s|3

<latexit sha1_base64="lx0yKWuAeZK0JsBIrGZQL6Cb/GI=">AAACHnicbZBNS8MwGMdTX+d8q3r0EhyCp9FORY9DLx4nuBdYu5GmaReWpiVJhdLtk3jxq3jxoIjgSb+NWTdBN/8Q+PN7nifJ8/cSRqWyrC9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQ8JAmjnDQVVYx0EkFQ5DHS9obXk3r7nghJY36nsoS4EQo5DShGSqO+ee6wOIROIBDOHYZ4yAgcOT5hCsFs1Ks5omDj/AfKUe903DcrVtUqBBeNPTMVMFOjb344fozTiHCFGZKya1uJcnMkFMX69rKTSpIgPEQh6WrLUUSkmxfrjeGxJj4MYqEPV7CgvydyFEmZRZ7ujJAayPnaBP5X66YquHRzypNUEY6nDwUpgyqGk6ygTwXBimXaICyo/ivEA6SjUjrRsg7Bnl950bRqVduq2rdnlfrVLI4SOARH4ATY4ALUwQ1ogCbA4AE8gRfwajwaz8ab8T5tXTJmMwfgj4zPb0YOozA=</latexit><latexit sha1_base64="lx0yKWuAeZK0JsBIrGZQL6Cb/GI=">AAACHnicbZBNS8MwGMdTX+d8q3r0EhyCp9FORY9DLx4nuBdYu5GmaReWpiVJhdLtk3jxq3jxoIjgSb+NWTdBN/8Q+PN7nifJ8/cSRqWyrC9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQ8JAmjnDQVVYx0EkFQ5DHS9obXk3r7nghJY36nsoS4EQo5DShGSqO+ee6wOIROIBDOHYZ4yAgcOT5hCsFs1Ks5omDj/AfKUe903DcrVtUqBBeNPTMVMFOjb344fozTiHCFGZKya1uJcnMkFMX69rKTSpIgPEQh6WrLUUSkmxfrjeGxJj4MYqEPV7CgvydyFEmZRZ7ujJAayPnaBP5X66YquHRzypNUEY6nDwUpgyqGk6ygTwXBimXaICyo/ivEA6SjUjrRsg7Bnl950bRqVduq2rdnlfrVLI4SOARH4ATY4ALUwQ1ogCbA4AE8gRfwajwaz8ab8T5tXTJmMwfgj4zPb0YOozA=</latexit><latexit sha1_base64="lx0yKWuAeZK0JsBIrGZQL6Cb/GI=">AAACHnicbZBNS8MwGMdTX+d8q3r0EhyCp9FORY9DLx4nuBdYu5GmaReWpiVJhdLtk3jxq3jxoIjgSb+NWTdBN/8Q+PN7nifJ8/cSRqWyrC9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQ8JAmjnDQVVYx0EkFQ5DHS9obXk3r7nghJY36nsoS4EQo5DShGSqO+ee6wOIROIBDOHYZ4yAgcOT5hCsFs1Ks5omDj/AfKUe903DcrVtUqBBeNPTMVMFOjb344fozTiHCFGZKya1uJcnMkFMX69rKTSpIgPEQh6WrLUUSkmxfrjeGxJj4MYqEPV7CgvydyFEmZRZ7ujJAayPnaBP5X66YquHRzypNUEY6nDwUpgyqGk6ygTwXBimXaICyo/ivEA6SjUjrRsg7Bnl950bRqVduq2rdnlfrVLI4SOARH4ATY4ALUwQ1ogCbA4AE8gRfwajwaz8ab8T5tXTJmMwfgj4zPb0YOozA=</latexit><latexit sha1_base64="lx0yKWuAeZK0JsBIrGZQL6Cb/GI=">AAACHnicbZBNS8MwGMdTX+d8q3r0EhyCp9FORY9DLx4nuBdYu5GmaReWpiVJhdLtk3jxq3jxoIjgSb+NWTdBN/8Q+PN7nifJ8/cSRqWyrC9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQ8JAmjnDQVVYx0EkFQ5DHS9obXk3r7nghJY36nsoS4EQo5DShGSqO+ee6wOIROIBDOHYZ4yAgcOT5hCsFs1Ks5omDj/AfKUe903DcrVtUqBBeNPTMVMFOjb344fozTiHCFGZKya1uJcnMkFMX69rKTSpIgPEQh6WrLUUSkmxfrjeGxJj4MYqEPV7CgvydyFEmZRZ7ujJAayPnaBP5X66YquHRzypNUEY6nDwUpgyqGk6ygTwXBimXaICyo/ivEA6SjUjrRsg7Bnl950bRqVduq2rdnlfrVLI4SOARH4ATY4ALUwQ1ogCbA4AE8gRfwajwaz8ab8T5tXTJmMwfgj4zPb0YOozA=</latexit>

logMA
<latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="fRGvEXN4imcQYFspQmceRp/WkqE=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceNGqOC0hXYomTTThmaSMbkjlKEv4caFIj6TO9/G9GehrQcCH+ck5N4TZ1JY9P1vr7SxubW9U96t7FX3Dw5rR9WW1blhPGRaatOJqeVSKB6iQMk7meE0jSVvx+PbWd5+5sYKrR5xkvEopUMlEsEoOqvTk3pI7vs3/Vrdb/hzkXUIllCHpZr92ldvoFmecoVMUmu7gZ9hVFCDgkk+rfRyyzPKxnTIuw4VTbmNivm8U3LmnAFJtHFHIZm7v18UNLV2ksbuZkpxZFezmflf1s0xuYoKobIcuWKLj5JcEtRktjwZCMMZyokDyoxwsxI2ooYydBVVXAnB6srr0LpoBH4jePChDCdwCucQwCVcwx00IQQGEl7gDd69J+/V+1jUVfKWvR3DH3mfPxnLjhs=</latexit><latexit sha1_base64="7SMQMevcX3FF9B8D6ymbA0L7G2c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stIza2AgRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6Lh9dR/eEJtuJL3dpRimNC+5DFn1Dqp1RGqT267l91yxa/6M5BlEuSkAjnq3fJXp6dYlqC0TFBj2oGf2nBMteVM4KTUyQymlA1pH9uOSpqgCcezeyfkxCk9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgiHHOZZhYlmy+KM0GsItPnSY9rZFaMHKFMc3crYQOqKbMuopILIVh8eZk0z6qBXw3u/ErtKo+jCEdwDKcQwDnU4Abq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8ARyKPcQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit><latexit sha1_base64="J/BnRy4FdjynYdvmoo4VYFfCF4M=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeqFy9CBfsB7VKyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfywY4TFsRkIHnEKbFOaneFGuC73lWvXPGq3gx4mfg5qUCOeq/81e0rmsZMWiqIMR3fS2yQEW05FWxS6qaGJYSOyIB1HJUkZibIZvdO8IlT+jhS2pW0eKb+nshIbMw4Dl1nTOzQLHpT8T+vk9roMsi4TFLLJJ0vilKBrcLT53Gfa0atGDtCqObuVkyHRBNqXUQlF4K/+PIyaZ5Vfa/q359Xatd5HEU4gmM4BR8uoAa3UIcGUBDwDK/whh7RC3pHH/PWAspnDuEP0OcPSGKPdQ==</latexit>

Changes CR acceleration in shocks (AL & Yan 2014)



For clusters of galaxies the turbulent transport enabled by 
reconnection diffusion is the most important

AL 2006



Magnetic wandering enables efficient second-order Fermi and 
magnetic bottle removal

TR: Bouncing diffusion of CRs

AL & Xu 2021

Due to superdiffusion particles are 
not trapped by magnetic mirrors 
and propagate perpendicular to B 
as y2 ~ s5/2 and experience 2nd order 
Fermi bouncing acceleration 

Al & Xu 2022

Siyao Xu

Xu 2021 explanation of the gamma-ray emission from supernovae remnants



In the presence of scattering the perpendicular diffusion law changes

Hu, AL & Xu 2022

Yue Hu



De Gouveia Dal Pino & AL 2005

TR: First order Fermi acceleration of Cosmic Rays (CRs) in 3D

TR: First-order Fermi 
acceleration

AL 2005

Alternative idea of acceleration in 
2D islands by Drake et al. 2006:

Acceleration in LV99 reconnection:

Guidoni et al. 2016

“2D islands are graveyards of CRs” 
L. Sironi 2022

Parallel momentum increases due to bouncing 
from convergent magnetic mirrors



1.5 order Fermi Acceleration by reconnection in MHD turbulence

1.5 order Fermi acceleration: random walk with large increments 𝜹𝒑 > 𝒑

Reconnection/acceleration region

Dynamo/deceleration region

In MHD turbulence kinetic energy and magnetic energy constantly transfer 
into each other 

p

+𝜹𝒑

+𝜹𝒑

+𝜹𝒑

− 𝜹𝒑

− 𝜹𝒑
− 𝜹𝒑

P>>p

Brunetti & AL 2016 first application to clusters of galaxies electron acceleration, 
explaining spectra of gamma-ray bursts in Xu & Zhang 2020…. 

Within reconnection regions in turbulent flow CRs momentum increase 𝜹𝒑 > 𝒑

Random walk with 𝜹𝒑 > 𝒑1.5 Fermi:

G. Brunetti



Gradient technique opens a new way to study magnetic fields in galaxy clusters.
Magnetic field deeply affects the physics of ICM.

Summary



Differential Measure Approach instead of DCF

Using not dispersions by differential 
measures, i.e. small R separation 
structure function of centroid velocity  

and angle instead of 

instead of dispersions of 

This allows:
1. Decrease the amount of data required.
2. Measure B for
3. Remove velocity regular distortions due to 

galactic shear.
4. Remove B-field distortions due to gravity.
5. Study variations of 

Using the theory of MHD turbulence rather than linear 
Alfven waves

This allows obtaining analytical expressions for realistic 
turbulent media

Implemented in AL, Yuen & Pogosyan (2020, 2021)



B-field direction can be revealed by gradients in velocity channel maps

B-Field direction

Gradients

We turn velocity gradients 90 degrees to 
trace magnetic field direction

AL & Yuen 2018

Structures created by velocity crowding 
(velocity caustics) Filaments are clearly seen in channel maps obtained with  

incompressible simulations



The controversy of what is seen in channel maps can be resolved by using the  
Velocity Decomposition Algorithm (VDA) 

Yuen, Ho & AL 2021 

Distortions in Channel Maps are induced by densities. VDA 
removes the contribution of density.

is the channel intensity due to velocity caustics

is the channel intensity due to density effects

Talk tomorrow by Ka Ho Yuen



Good correspondence with Planck polarization polarization
Magnetic field morphology in the galactic plane

VGT
AM=0.71

Planck
353 GHz

We rotate gradients 90o to align with B-field 

Hu et al. (2020)

More in the talk tomorrow by Dmitri Pogosyan

Lu, AL, Pogosyan 2020



Gradients and polarization for the Central Molecular Zone

Hu, AL & Wang 2021



More information compared to polarization: it is possible to study 3D structure 
of magnetic field in galactic disk

Vector length is proportional to B
Yuen et al. 2018



3D B-field distribution corresponds well to starlight polarization

Star polarization versus predictions with our 
3D model of galactic magnetic field. This 
demonstrates that the model is correct!

Gonsalvez-Casanova & AL 2018



Velocity gradients provide unique ways to study B-fields

Hu at al. 2019

B-field of Smith high velocity cloud too faint for 
polarization3D structure of B-field with different tracers



Gradients reveal that magnetic field in different phases varies in direction

Galactic center region

Hu, AL & Wang 2021




